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Disclosure 

Large Multidisciplinary Team Effort 
Clinical Specialties 
• Physical Medicine & Rehabilitation 
• Occupational Medicine 
• Neurology 
• Neurosurgery 
• Neuroradiology / Radiology 
• Neuropsychology 
• Neuro-Optometry 
• Neuro-Ophthalmology 
• Audiology / Otorhinolaryngology 
• Sleep Medicine 
• Epidemiology / Biostatistics 

 
Rehabilitation Specialists 
• Vestibular Therapy 
• Occupational Therapy 
• Speech Language Pathology 
• Neuro-optometric Rehabilitation 

 
 
 

Over 25 Specialists involved in the 
evaluation and treatment of this  
patient cohort 
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Of the 80 individuals screened during initial 
triage, “sixteen were identified to have 
symptoms and medically verifiable clinical 
findings of some combination similar to what 
might be seen in patients following mild 
traumatic brain injury or concussion.” 
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“Although the assembled group identified that some 
of the symptoms and findings could be caused by 
other things such as viral illnesses, previous head 
trauma, aging, and even stress, the consensus was 
that the patterns of injuries that had so far been 
noted were most likely related to trauma from a 
non-natural source.“ 
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“In light of the emerging clinical parallels to mild 
traumatic brain injury, the nationally-recognized brain 
injury center at the University of Pennsylvania was 
identified to provide detailed reevaluations of 
employees with prior exposures and to evaluate 
Embassy community members who reported new 
exposures.” 
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Demographics 

Range:     3-331 days 
Median:     189 days 
interquartile range:      125 days 
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Audience Response Question #1:  

Question 
• Over half of the patients reported attenuation of acute symptoms when they 

moved away from the perceived directional phenomena.   
A. True  
B. False 
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Neurological Manifestations  

Large Multidisciplinary Team Effort 
Clinical Specialties 
• Physical Medicine & Rehabilitation 
• Occupational Medicine 
• Neurology 
• Neurosurgery 
• Neuroradiology / Radiology 
• Neuropsychology 
• Neuro-Optometry 
• Neuro-Ophthalmology 
• Audiology / Otorhinolaryngology 
• Sleep Medicine 
• Epidemiology / Biostatistics 

 
Rehabilitation Specialists 
• Vestibular Therapy 
• Occupational Therapy 
• Speech Language Pathology 
• Neuro-optometric Rehabilitation 

 
 
 

Over 25 Specialists involved in the 
evaluation and treatment of this  
patient cohort 



 

 

 

Neurological Manifestations  

PM&R Brain injury H&P 
• Detailed HPI, including symptom scales, h/o past neurological insults 
• Comprehensive physical examination 

• with focus on cognitive, oculomotor and vestibular examination 
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PM&R Brain injury H&P 
• Detailed HPI, including symptom scales, h/o past neurological insults 
• Comprehensive physical examination 

• with focus on cognitive, oculomotor and vestibular examination 
 

 

 mTBI  sTBI 
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Neurological Manifestations  



 

 

 

Neurological Manifestations – 
Clinical Correlation  

VOMS (Vestibular Ocular Motor Screening) 

• Pursuits  

• Saccades 

• Near Point of Convergence (NPC) – 3 reps 

• Vestibular Ocular Reflex (VOR) 

• Motion sensitivity/VOR cancellation 

 

Sx: 1 to 10, dizziness, fogginess, headache, nausea 
  
Mucha, Collins et al. A Brief Vestibular/Ocular Motor Screening (VOMS) assessment to evaluate concussions: preliminary findings. Am J Sports 
Med. 2014 Oct;42(10):2479-86. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Collins,+VOMS
http://www.ncbi.nlm.nih.gov/pubmed/?term=Collins,+VOMS
http://www.ncbi.nlm.nih.gov/pubmed/?term=Collins,+VOMS


 

 

 

Neurological Manifestations – 
Clinical Correlation  

Neuro-Optometry Evaluation 

• Symptoms (Convergence Insufficiency Symptom Survey (CISS) 
• Distance VA 
• Binocular Vision Testing 

• Maddox Wing 
• Near Point of Convergence  
•      (NPC) 
• Step Vergence 
• Vergence facility  

• Accommodative testing 
• Accommodative amplitude 
• Accommodative facility 

• Eye Movement Testing 
• Developmental Eye Movement  
•      Test (DEM) 



 

 

 

Neurological Manifestations – 
Clinical Correlation  

Prevalence Studies - Summary 



 

 

 

Neurological Manifestations – 
Clinical Correlation  

DOS Cohort Oculomotor findings 



 

 

 

Neurological Manifestations – 
Clinical Correlation  

Why is the Prevalence of Oculomotor Dysfunction Higher 
following brain injury than in the general population? 



 

 

 

Neurological Manifestations – 
Clinical Correlation  



 

 

 

Neurological Manifestations – 
Clinical Correlation  

Dysfunction of Neural Networks 



 

 

 

Neurological Manifestations – 
Clinical Correlation  

Symptoms of Oculomotor Dysfunction 

• Headaches  
• Fatigue  
• Visual Problems (Blur / Diplopia)  
• Dizziness  
• Difficulty Reading  
• Eye strain 



 

 

 

Neurological Manifestations – 
Clinical Correlation  

Symptoms of Oculomotor Dysfunction 

• Headaches  
• Fatigue  
• Visual Problems (Blur / Diplopia)  
• Dizziness  
• Difficulty Reading  
• Eye strain 

• 16/21 (76%) 
• 16/21 (76%) 
• 16/21 (76%) 
• 13/21 (62%) 
• 12/21 (57%) 
• 11/21 (52%) 

DOS Cohort 



 

 

 

Neurological Manifestations  
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Neuroimaging 

 
Conventional MRI sequences were acquired at 3T 
• Including high resolution sagittal 3-dimensional MP-RAGE, T2 SPACE and FLAIR 

SPACE, coronal 2-dimensional T2-weighted imaging, axial 2-dimensional diffusion-
weightedimaging, and axial T2*gradient echo 

Results: 
• As is common with mTBI or concussion, most patients had conventional imaging 

findings within normal limits 
• Nine individuals (43%) had a few small nonspecific T2-white matter hyper-

intensities (WMH’s) 
• Three patients  had multiple T2-WMH’s  more than expected for age  

• 2 mild, 1 moderate 
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Conventional MRI sequences were acquired at 3T 
• Including high resolution sagittal 3-dimensional MP-RAGE, T2 SPACE and FLAIR 

SPACE, coronal 2-dimensional T2-weighted imaging, axial 2-dimensional diffusion-
weightedimaging, and axial T2*gradient echo 

Results: 
• As is common with mTBI or concussion, most patients had conventional imaging 

findings within normal limits 
• Nine individuals (43%) had a few small nonspecific T2-white matter hyper-

intensities (WMH’s) 
• Three patients  had multiple T2-WMH’s  more than expected for age  

• 2 mild, 1 moderate 

NOTE: This does not include advanced structural / functional neuroimaging  analysis 



 

 

 

Audience Response Question #2:  

Question 
• Nearly all patients reported persistent neurological symptoms over three months 

post exposure.   
A. True  
B. False 
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Neurological Rehabilitation 

 
• Individualized rehabilitation programs developed – based on clinical indications 

• Vestibular Physical therapy              (n=17, 81%) 
• Neuro-Optometric Rehabilitation         (n=14, 67%) 
• Cognitive Rehabilitation w/ OT or SLP  (n=13, 62%) 

 
• Patients requiring multiple therapies were held from work 

• N=14, 67% 
 



 

 

 

Neurological Rehabilitation 

 
Vestibular Therapy 

• Balance retraining 
• Static and dynamic postural control with substitution 

via visual and somatosensory systems 
• gaze stabilization (VOR), smooth pursuit and saccadic 

eye movement exercises 
• Habituation 

 



 

 

 

Neurological Rehabilitation 

Neuro-optometric Rehabilitation 
• Manipulation of vergence, accommodation and 

pursuits/saccades using prisms, 3D 
stereograms, 3D software, lenses and other 
instruments 

• Designed to increase the speed, accuracy and 
amplitude of ocular motor skills, and reduce 
visual symptoms 

• Lenses, prisms, tints 
 



 

 

 

Neurological Rehabilitation 

Neuro-optometric Rehabilitation 
• Manipulation of vergence, accommodation and 

pursuits/saccades using prisms, 3D 
stereograms, 3D software, lenses and other 
instruments 

• Designed to increase the speed, accuracy and 
amplitude of ocular motor skills, and reduce 
visual symptoms 

• Lenses, prisms, tints 
• Rehabilitation for abnormal smooth pursuit 

and saccadic dysfunction was coordinated 
between neuro-optometric rehabilitation, 
vestibular PT and OT 
 



 

 

 

Neurological Rehabilitation 

Cognitive Rehabilitation 
• Neuropsychological testing 
• Formal cognitive rehabilitation program  

• Occupational therapy and/or speech language pathology 
• A combination of remediation and compensation to facilitate 

functional improvement 
• Energy Management Strategies 
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Neurological Rehabilitation 

Cognitive Rehabilitation 
• Neuropsychological testing 
• Formal cognitive rehabilitation program  

• Occupational therapy and/or speech language pathology 
• A combination of remediation and compensation to facilitate 

functional improvement 
• Energy Management Strategies 

 
• SLP addresses cognitive-communication deficits by providing 

intervention in the areas of attention, memory, problem solving, 
organization and executive functioning 

• OT  addresses these performance skills embedded in functional 
activities 



 

 

 

Neurological Rehabilitation 

 
Graduated Return to Work (RTW) 
• 14 individuals initially held from work 
 
• As of 2/15/18 

• 7 of those 14 had transitioned to a graduated RTW program 
• With accommodations / restrictions in place 
• While still undergoing higher-level, work-focused cognitive rehabilitation 

 



 

 

 

Audience Response Question #3:  

Question 
• Rehabilitation of dysfunctional pursuit and saccadic eye movements, along with 

visual motion sensitivity is most effective when there is a multi-disciplinary 
approach to treatment, including vestibular, occupational and neuro-optometric 
rehabilitation.  

A. True 
B. False 
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Future Directions 

 
• Continue clinical care 

• Long term monitoring of existing patients 
• Evaluation of additional cases as indicated 

• Advanced neuroimaging analysis 
• Develop operational diagnostic criteria (combo of clinical and imaging data) 
• Potential blood-based biomarkers 
• Epidemiologic analysis 
• Collaborate with USG on basic science / technical aspects of exposure 

 
 
 
 
 
 
 
 



 

 

 

Acknowledgements  

• Physical Medicine & Rehabilitation   Stephen Hampton, MD, Timothy Dillingham, MD 
• Occupational Medicine  Judith Green-McKenzie, MD 
• Neurology   Ramon Diaz-Arrastia, MD, PhD; Danielle Sandsmark, MD, PhD 
• Neurosurgery   Douglas H. Smith, MD; M. Sean Grady, MD 
• Neuroradiology / Radiology  Ronald Wolf, MD, PhD; Ragini Verma, PhD 
• Neuropsychology   Rosette Biester, PhD; Nora Johnson, PsyD 
• Neuro-Optometry   Michael Gallaway, OD 
• Vestibular Physical Therapy  Diana Duda, PT, DPT 
• Occupational Therapy  Mary-Fran Madden, OTR/L, CBIS,MSCS 
• Speech Language Pathology  Darlene Mancini, CCC-SLP 
• Neuro-Ophthalmology  Grant Liu, MD, PhD 
• Audiology / Otorhinolaryngology  Sherrie Davis, AuD; Michael J. Ruckenstein, MD 
• Sleep Medicine   Charles Bae, MD; David Raizen, MD, PhD; Sharon Schutte-Rodin, MD 
• Epidemiology / Biostatistics  Douglas J. Wiebe, PhD 

 
• All of our administrative colleagues working behind the scenes 
• All of our unmentioned collaborators outside of Penn 


